sample will also change with the storage time. Thus, a new detection method should be adopted in order to get a better understanding of the growth of fungi in orange peel.
In recent years, internal transcribed spacer (ITS) has been widely used in fungal taxonomic identification (Bachy, Dolan, López-García, Deschamps, & Moreira, 2013; Bengtsson-Palme, Ryberg, Hartmann, Branco, & Wang, 2013; Findley et al., 2013) . Using HiSeq platform to sequence ITS1 region, it has the characteristics of high sequencing depth and low cost for identification of low abundance community species (Caporaso et al., 2012; Degnan & Ochman, 2012) . Highthroughput sequencing can not only obtain the composition of microbial communities in the samples, but also digitize their relative contents, which provides a reliable and effective method for the analysis of the diversity of microbial communities in environmental samples. At present, high-throughput sequencing technology has been widely applied in microbial diversity analysis in soil (Shen et al., 2015; Xia et al., 2011) , human skin (Findley et al., 2013) , grape surface (Bokulich, Thorngate, Richardson, & Mills, 2014) , and other samples. The main techniques of microbial community diversity research include amplifier sequencing and macro genome sequencing.
Amplifier sequencing is mainly carried out by sequencing PCR products of specific length. Its amplifier sequencing for environmental samples is one of the important techniques to study the diversity and community composition of environmental microorganisms.
In the present study, its amplifier sequencing technique was
used to analyze the fungal diversity and community structure of 14 batches of orange peel (fresh orange peel, dried orange peel for 7 days/30 days / 60 days / 90 days / 120 days / 150 days / 180 days / 240 days / 270 days / 300 days / 330 days / 360 days). At the same time, 20 batches of fresh orange peel and 56 batches of aged peel were isolated and identified by conventional pure culture method.
The objective of this study was to understand the growth dynamics and dominant flora of fungi in orange peel during storage and to predict the safe storage time as well as to provide scientific safe storage measures for orange peel.
| ME THOD AND MATERIAL S

| Materials
In order to ensure the identity and individual difference of the orange peel, we collected the samples by means of fixed point, fixed plant, and fixed variety. The variety of Dahongpao (C. reticulata, "Dahongpao") from Wugui Village, Qingquan Town, Qingjiang District, Chengdu City, Sichuan Province was selected (Figure 1 ). 
| Instruments and reagents
| High-throughput sequencing method
By using sterile cotton swabs to wipe on the surface of orange peel, 20 cotton swabs were used for wiping area of 5 cm × 5 cm. After wiping, the cotton swabs were cut off from their poles with scissors.
The genomic DNA was extracted by CTAB method, the purity and concentration of DNA were detected by agarose gel electrophoresis, the appropriate amount of sample was taken into centrifuge tube, and the sample was diluted to 10 -6 g L −1 with aseptic water. In order to ensure the efficiency and accuracy of amplification, the diluted genomic DNA was used as template, and the specific primer with 30 cycles; 72°C 5 min. PCR products were detected by using 2% agarose gel electrophoresis. According to the concentration of PCR products, the samples were mixed in the same amount, and then the PCR products were detected by 2% agarose gel electrophoresis,
The samples used in the high-throughput sequencing and the target bands were recovered by gel. TruSeq DNA PCR-Free Sample Preparation Kit was used for library construction. The library was quantified by Qubit and qPCR. After the library was qualified, HiSeq 2500 PE250 was used for sequencing.
| Statistical Analysis
According to the Barcode sequence and PCR amplified primer sequence, each sample datum was separated from the off computer data, and the reads of each sample were spliced by flash v1.2.7 (Magč & Salzberg, 2011) after the Barcode and primer sequences were cut off, and the sequence obtained was raw tags data, which was filtered to obtain high-quality tags data (Bokulich et al., 2013) . Referring to QIIME v1.7.0 (Caporaso et al., 2010) for quality control of tags, the processed tag sequence was compared with the database (UNITE database) to detect chimeric sequences through UCHIME algorithm (Edgar, Haas, Clemente, Quince, & Knight, 2011) , and the final effective tags were obtained by removing the chimeric sequence . By using UPARSE v7.0.1001 (Edgar, 2013) , all effective tags of all samples were clustered, the sequences were clustered into OTUs (operational taxonomic units), and select representative sequences of OTUs) with 97% consistency, the sequences with the highest frequency in OTUs were selected as the representative sequences of OTUs. Using BLAST method in QIIME software (Altschul, Gish, Miller, Myers, & Lipman, 1990) and UNIT database (Kõljalg, Nilsson, & Abarenkov, 2013) , the species annotation analysis of the representative sequence of OTUs was carried out, and the community composition of each sample was analyzed at each classification level. The data of each sample were homogenized according to the minimum amount of data in the sample, and the subsequent alpha diversity analysis and beta diversity analysis were based on the data after homogenization. The QIIME software was used to calculate the ACE and Good-coverage index of the Shannon Simpson, and the unweighted pair-group method was used to construct the cluster tree of UPGMA samples.
| Microscopic Identification of growing Fungi in Orange Peel
Methods for isolation of fungi in orange peel with reference to the methods reported in the literature (Jiang, Qian, & Duan, 2008) and modified as follows: Take 5.0 g for each batch of PCR, put in the 50-ml sterile centrifuge tube, add in 30 ml 0.1% Tween-20, agitate violently in 3 min, filter with disposable syringe, collect filtrate, 5000 rpm centrifuge in 10 min, discard the supernatant, resuspend the sediment in 300 μl 40% sterile glycerinum, dilute to 
| RE SULTS AND D ISCUSS I ON
| High-throughput sequencing of growth Fungi from Orange Peel
By using Illumina HiSeq sequencing platform, raw PE data were obtained and quality control was carried out; clean tags were obtained and then chimeric filtering was carried out; and effective data, which could be used for subsequent analysis, were obtained. The effective tags were clustered, and the sequences were clustered into OTUs (operational taxonomic units) with 97% identity, and then, the representative sequences of OTUs were annotated. As shown in Table 1 , the total number of samples available at each sampling point was about 47679, with a range of 471-975.
Alpha Diversity can reflect the microbial community diversity of a sample (Li, Zhang, Guo, Wu, & Zhang, 2013) . The richness and diversity of microbial communities in the sample can be reflected by single sample diversity analysis (alpha diversity). The index of coverage refers to the sequence coverage of each sample, and the higher the value of coverage, the greater the probability of sequence detection in the sample, and the smaller the probability of not being detected, which directly represents the authenticity of the sequencing results of the sample (Kraková, Šoltys, Budiš, Table 2 show that the coverage of all samples was above 0.994, which indicates that the coverage of fungi in the samples was high and the depth of sequencing was suitable, which could meet the needs of fungal diversity analysis in the samples (Qu, Zhang, Ma, Liu, & Ya, 2017) .
Pangallo, & Szemes, 2016). The results of
According to the number of OTU and alpha diversity index, the variation of microbial species and abundance of orange peel from fresh peel to dry peel were significant, among them, there were few microbes in fresh peel, and with the prolongation of storage time, the temperature and humidity changed in storage, and the structure of microbial community changed significantly. After 90 days of storage, the species of microbes increased sharply and the abundance increased, the period of storage was also in spring, and the temperature and humidity gradually increased, and the microbial reproduction increased, which led to the increase of infected microorganism on the surface of orange peel, and when stored for 270 days or so, the species and abundance of microorganism decreased, this stage was the beginning of winter, the temperature decreased and the metabolism of microorganism was slow. It can be seen that the change of microbial community structure in orange peel was closely related to environmental factors.
According to the species annotation and abundance information of all samples at the generic level (Figure 2 ), select the genus with the top 35 abundance, cluster the species and samples according to their abundance information in each sample, and draw the heat map (Figure 3) . On the Heatmap, the species with high abundance and low abundance were grouped together, and the similarity and difference of the composition of multiple sample communities were reflected by the color gradient and similarity degree (Li et al., 2016) . Define the species of Z > 1 in the Heatmap map as the dominant genus ( The results of high-throughput sequencing showed that
Penicillium and Meyerozyma accumulated more in the fresh peel, while Aspergillus appeared in the 270-day to 360-day process at the late storage stage, but was not distributed in the early stage. It can be concluded that fresh orange peel does not contain Aspergillus fungi, but is infected by environment during storage.
Microbes are everywhere, and food will always be affected by microbes in the air. Aspergillus is a genus of fungi with more than 300 species reported in the literature, among which five and 51 species are known human allergens and opportunistic F I G U R E 2 Plotted by sample name on the x-axis and the y-axis represents the genus. The cluster tree on the left side of the graph is a species cluster tree. Figure 2 Species abundance cluster map
The abscissa is the sample name; the longitudinal coordinates indicate relative abundance. Figure 3 Relative abundance columnar graphs of species at the level of the genus pathogens, respectively. Improper means of processing, storage, and transportation of food may lead to contamination of pathogenic bacteria. Rice, coix seed, corn, peach kernel, and so on are liable to be infected with Aspergillus flavus or aflatoxin. The existing standard is not perfect enough only to limit aflatoxin in food. The source of pathogenic or toxin-producing fungal should be explored and establishes a safe storage time, so as to ensure the safety of consumers.
| Microscopic and Molecular Identification of growing Fungi in Orange Peel
In order to verify that orange peel is easy to be contaminated by Therefore, it is necessity to limit the safe storage time of orange peel due to human health impacts of Aspergillus fungi.
| CON CLUS ION
Aspergillus is a fungal genus widely studied due to human health impacts. In the current study, the safe storage time of orange peel was studied using high-throughput sequencing and conventional pure culture for the first time. Results showed that Aspergillus fungal did not distribute in the early storage period (0 day-240 days) of orange peel and gradually appeared in the late storage period (270 days-360 days). It was suggested that fresh orange peel can be safely used as food, tea drinks, or seasoning, and the safe storage time of dried orange peel should not exceed 240 days after storing, that is, no longer than the August of the year. Moreover, in July, August, and September, when microbial activities were frequent, dried orange peel should be kept dry to avoid rapid propagation and metabolism of Aspergillus fungi. Our study provides not only a basic study for a safe storage time of orange peel, but also a reference for the safe storage of herb-medicine which is susceptible to aflatoxin infection.
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